The composition and antioxidant properties of a methanol: acetic acid (99:1, v/v) soluble crude extract isolated from S. officinalis L. leaves through maceration and selected fractions isolated thereof are presented in this study. The total phenol content was estimated as gallic acid equivalents, whilst qualitative-quantitative phenolic content was determined using high performance liquid chromatography with photodiode array detection. Antioxidant evaluation consisted of ferric reductive capacity and 1,1-diphenyl-2-picrylhydrazyl and hydroxyl free radical scavenging determinations. The crude extract contained hydroxybenzoic acids, hydroxycinnamic acids, flavonoids and diterpenoids, whilst caffeic acid, carnosic acid, luteolin, luteolin-7-O-glucoside and rosmarinic acid were identified from their chromatographic and spectral characteristics and quantified from their respective calibration curves. The crude extract and sub-fractions demonstrated varying degrees of efficacy in the antioxidant-related assays used, except the n-hexane fraction, which was unable to reduce iron(III) at reasonable concentrations. Although the positive controls, ascorbic acid, BHA and BHT, were more potent than the S. officinalis samples, two fractions were significantly (p < 0.05) more potent iron(III) reducing agents than pycnogenol, a proanthocyanidin-rich commercial preparation.
Salvia officinalis L. (Lamiaceae), commonly known as sage, is cultivated throughout the world for its culinary properties, essential (volatile) oil and aromatic chemicals. However, it is also rich in polyphenolic secondary metabolites, which are thought to be responsible for its potent antioxidative and medicinal properties [1] [2] [3] . As part of our ongoing phytochemical and antioxidantrelated investigations of the Lamiaceae family, we have determined the total phenolic content, qualitativequantitative composition and in vitro antioxidant-related properties of a crude extract and selected fractions isolated of S. officinalis.
Maceration of the S. officinalis leaf material produced a crude extract (I) (96.0 g), which was partitioned against different solvents to produce 12 fractions (II to XIII) with yields ranging from 94.1 g (II) to 0.2 g (IX). The colorimetric total phenolic content (TFC) and qualitative-quantitative analysis carried out by HPLC coupled with PDA detection are presented in Table 1 . Caffeic acid, luteolin, luteolin-7-O-glycoside and rosmarinic acid were identified by comparison with the retention times and UV spectra of authentic standards and quantified from their respective calibration curves, while gas chromatography coupled with electron impact mass detection was used to identify carnosic acid. A number of components could not be identified; however, their chemical class was tentatively determined. In the crude extract (I), the major component was rosmarinic acid, followed by luteolin-7-O-glucoside, luteolin and caffeic acid. Flavonoids were the most abundant unidentified components at 9.5 ± 0.3 mg/g, followed by hydroxycinnamates at 7.0 ± 0.2 mg/g, and hydroxybenzoates at 4.2 ± 0.2 mg/g, which is in agreement with earlier reports [12, 13] . Rosmarinic acid was the main compound in the EtOAc (VII) and n-BuOH (XI) fractions (119.7 ± 2.6 and 47.2 ± 0.5 mg/g, respectively). In the H 2 O (XII) fraction, the predominant components were flavonoids and, specifically, luteolin-7-O-glucoside (35.6 ± 0.0 mg/g). Based upon the spectral characteristics, carnosic acid, methyl carnosate and other diterpenoids were NPC Natural Product Communications 2010 Vol. 5 No. 9 1453 -1456 tentatively identified in the n-hexane (IX and IV) fractions. No phenolic components were identified in fractions III, IV and IX, despite a positive result in the TFC analysis ( Table 1) .
The ferric reducing activity of the positive controls and samples is presented in Figure 1 . It was not possible to assess fraction IV due to insolubility, but the remaining samples were capable of ferric reduction in a linear, concentration-dependent fashion (data not shown).
As can be seen, the hierarchy of activity was ascorbic acid > BHA > BHT > VII and IX (statistically indistinguishable, p > 0.05) > pycnogenol > I > XI > XII > III and XIII (statistically indistinguishable, p > 0.05). Although none of the S. officinalis samples was as effective a ferric reducer as either ascorbic acid or the synthetic antioxidants BHA and BHT, IX and VII fractions were significantly (p < 0.05) better than pycnogenol, a commercial preparation possessing potent antioxidant properties [4] .
The 1,1-diphenyl-2-picrylhydrazyl (DPPH • ) scavenging activity of the positive controls and S. officinalis samples is presented in Figure 2 . The samples were capable of scavenging DPPH • and did so in a concentration-dependent fashion (data not shown). Rosmarinic acid and abietane diterpenes are thought to be responsible for the potent scavenging properties of Salvia taxa [2, 5] . The most active fractions (IX, VII, and IV) contained caffeic acid and rosmarinic acid as their major components (Table 1) . Compounds identified within the weaker XI and XII fractions were flavonoids and their glycosides. Flavonoids are known to be rather weak DPPH • scavenging phytochemicals with glycosylation being reported to decrease further their scavenging activity [2] .
The hydroxyl radical scavenging activity of the positive controls and S. officinalis samples is presented in Figure 3 . All the samples demonstrated some hydroxyl free radical scavenging activity and reacted in a dosedependent fashion (data not shown). Based upon the [2, 6] . These are lipophilic components that are known to be more effective at inhibiting lipid peroxidation than hydrophilic compounds [3, 6, 7] . This may explain the better performance of IV and IX fractions than observed for pycnogenol, which is mainly composed of relatively polar compounds, and the similarity of activity between pycnogenol and I and VII fractions, which contained more polar substances. The relatively poor performance of XII and XIII fractions may be due to their low levels of rosmarinic acid.
The crude extract and a number of sub-fractions were analyzed for compositional and antioxidant activity. All the sub-fractions contained phenolic components when estimated by the TFC method. However, analysis of the phenolic content by HPLC-PDA revealed that specific fractions were devoid of such compounds. Despite this, all selected samples demonstrated some degree of activity, except fraction IV, which was not able to reduce iron(III). Clearly, non-phenolic substances capable of redox-type reactions were present in those fractions. It is clear from the data, that it is possible to increase the activity of a crude extract by selectively concentrating specific components by liquid-liquid extraction and by tailoring this selection for particular usage, for example for hydrophilic or lipophilic applications.
Experimental
Materials: Air-dried S. officinalis leaves were obtained from Pimenta Oy (Helsinki, Finland). Chromatographic standards were purchased from Extrasynthese, France. Pycnogenol was obtained from Biolandes Arômes, France. Ultra-pure water was used throughout and was prepared using a Millipore Milli-RO 12 plus system (Millipore Corp., MA, USA). All remaining reagents were of the highest purity available and obtained from the usual sources.
Isolation and fractionation:
Air-dried leaf material (500 g) was powdered and extracted for 24 h by shaking at room temperature (23°C) with 2 L MeOH containing 1.0% (v/v) acetic acid. The extract was filtered and the marc was re-extracted a further 2 times. The combined extracts were then dried in vacuo (40°C). This extract (I; 96 g) was suspended in 1 L n-hexane and allowed to stand at room temperature, during which a precipitate formed. The n-hexane fraction (II; 94.1 g) was separated from this insoluble fraction (III; 1.9 g), concentrated and partitioned against 5% (w/v) aq. NaHCO 3 . This resulted in n-hexane (IV; 16.0 g), aq. NaHCO 3 (VI; 2.1 g) and insoluble fractions (V; 76 g). Fraction V was partitioned between H 2 O and EtOAc and afforded an EtOAc (VII; 25.0 g) and H 2 O fraction (VIII; 51.0 g). Fraction VII was evaporated to dryness in vacuo, while fraction VIII was extracted with n-BuOH. This resulted in a n-BuOH fraction (XI; 15.6 g), a water fraction (XII; 27.8 g), which was finally freeze-dried, and an insoluble fraction (XIII; 7.6 g). The resulting crude extract and sub-fractions were stored at -20°C until required.
Total phenolic content: Total phenols were estimated as gallic acid equivalents, expressed as mg gallic acid/g (dry wt.) sample, as previously described [8] . 15 min, increased to 40% in 3 min and held for 12 min, increased to 100% in 5 min then the composition of C was increased to 15% in 2 min, increased to 30% in 11 min and then returned to initial conditions in 2 min. A 10 min equilibrium time was allowed between injections. Components were identified by comparison of their retention times with those of authentic standards under analysis conditions, and UV spectra with an in-house PDA-library. For quantification, all samples and standards were dissolved in 70% (v/v) aq. MeOH at 1.0 mg/mL and 10 mg/mL, respectively.
High performance liquid chromatography:

Iron(III) reduction:
The ability of the samples to reduce iron(III) was assessed as previously described [9] . Data are presented as mean ascorbic acid equivalent [AscAE, mmol ascorbic acid/g (dry wt.) sample] values.
DPPH free radical scavenging:
The ability of the samples to scavenge DPPH free radicals was determined as previously described [10] . The percentage inhibition was calculated using Eq. Hydroxyl free radical scavenging: The ability of the samples to scavenge hydroxyl radicals was assessed as previously described [11] . Percentage inhibition was calculated using Eq. 1. IC 50 values were estimated using a non-linear regression algorithm from plotted % inhibition versus concentration dose-response curves.
Statistical analysis:
Data are presented as mean values ± 95% confidence intervals (n = 4 unless stated otherwise). Statistical analyses were carried out using SPSS 10.0.1. (SPSS Inc., Chicago, IL). Analysis of variance (ANOVA) was performed by ANOVA procedures. Significant differences between means were determined by Tukey's pairwise comparison test at a level of p < 0.05.
